INTRODUCTION
The dynamic mathematical models (e.g., Beverton and Holt 1957, 1966) , useful for predicting future yields and stock biomass at different levels of fishing strategies, are extensively used for defining management strategies. The knowledge about growth and mortality of fish populations is an essential pre-requisite for the derivation of these models. In tropical and subtropical waters, despite the difficulty in determining age of fish and shrimps, the dynamic pool models have, unfortunately, been under-utilized for defining management strategies in fisheries. However, with the development of the length-based stock assessment methodologies, it is possible to investigate population dynamics of fish stocks in tropical waters. Pauly and Morgan 1987) Against the background of the lack of any biological information on the commercially shrimp species, the present study was carried out to investigate several demographical characteristics of these species near the Mekong Delta with a view to identifying management schemes needed for the management and rational exploitation of this valuable resource.
MATERIALS AND METHODS
Fresh samples of the shrimp species were collected from the local markets and field surveys operated with trawls similar to those used by fishermen. The mesh sizes vary from 15 to 35 mm knot to knot. The survey took place from October 2006 to September 2007 in the vicinity of the Mekong Delta (Fig. 1 ) at depths about 10 m. 
Analyses
The total length (TL, cm) of each sample were recorded. For the stock assessment study, however, only total lengths were considered, using the FAO-ICLARM Stock Assessment Tools II (FiSAT II) (Gayanilo and Pauly 1997) . The length data were grouped into 1-cm size classes in order to have about 10 to 20 length-classes, as suggested by Gayanilo et al. (2002) , for a proper implementation of the FiSAT analysis. The whole data were merged by months and considered as a single file representing one theoretical year, and analyzed accordingly.
Estimation of growth parameters
From the length-frequency distribution of the samples, ELEFAN I was used to obtain preliminary estimates of asymptotic length (L ∞ ) and growth constant (K) of the von Bertalanffy Growth Function (VBGF) following Gayanilo et al. (2002) . Based on these preliminary estimates, a length-converted catch curve was constructed. Through the detailed analysis of the left (ascending) part of the length-converted catch curve, the mean selection curve of the fishing gear was estimated. This selection curve was used to correct the lengthfrequency data for gear selection toward small fish (Pauly 1980 . New estimates of L ∞ and K were obtained using the FiSAT II software from the analysis of the corrected lengthfrequency data. The best growth curve was then fitted on the basis of a non-parametric scoring from the goodness of a fit index, the so-called "R n value" (Gayanilo et al. 2002) . The Phi-Prime index, Ф' (Munro and Pauly 1983, Moreau et al. 1986) , was used to compare the growth performance of species studied with other previous estimates available in the literature or other previous estimates available in the literature.
Estimation of mortality rates
The length-converted catch curve method (Gayanilo et al. 2002) was used for the estimation of the instantaneous total mortality (Z). For obtaining an independent estimate of the natural mortality (M), Pauly's equation (Pauly 1980 ) was employed. The mean annual environmental temperature was taken as 27 o C as it is the average of the monthly water temperature. Fishing mortality (F) was derived as the difference between Z and M. Following the estimations of Z, M and F, the routine was also used to obtain the exploitation rate (E).
Probabilities of capture
The catch-curve analysis was extended to an estimation of probabilities of capture by backward projection of the number (N) that would be expected if no selectivity had taken place (Sparre, 1987) .
Breeding activity pattern
Growth parameters (L ∞ , K, C and WP) were used as inputs. By backward projection, along a trajectory defined by the VBGF, of the frequencies onto the time axis of a time-series of samples, plots showing the seasonal patterns of breeding activity were obtained.
"Restructured" samples were used as described by Moreau and Cuende (1991) .
Relative yield-per-recruit
The relative yield-per-recruit analysis was performed incorporating probabilities of capture according to Pauly and Soriano (1986) and Gayanilo et al. (2002) . For this purpose, the selection ogive estimated by detailed analysis of the ascending part of the length-converted catch curve was used.
RESULTS
The original, length-frequency distributions for each species of shrimp are presented in Table   1 . 
Growth Parameters
Growth parameters of six species of shrimp were estimated and presented in Figure 2 and Table 2 . 
Mortality and demographic structure
The total mortality coefficients from length-converted catch curves indicate an annual estimate, for 1 year to the maximum observed theoretical age from 3 to 6 (Fig. 3) . The natural mortalities vary from 1.17 to 2.61 yr -1 . The fishing mortality is also highly variable, being quite zero for some populations. The estimated current exploitation rate varies from 0.17 to 0.65.
A B C D Figure 3 . Length-converted catch curve for some shrimp species near the Mekong Delta Note: Only the black dots were considered for computation of the total mortality.
A: Metapenaeus tenuipes; B: Metapenaeus brevicornis C: Hapiosquilla harpax; D: Parapenaeopsis cultrirostris

Breeding activity pattern
The breeding activity of the various shrimps populations is simulated as beginning in various months, more particularly from xxx to xxx (Fig. 4) . 
Gear selectivity
The selection ogive constructed for shrimps near the Mekong Delta indicates that ….. Figure 5 . The logistic selection curve for probability of capture, showing 25%, 50% and 75% selection length of some shrimp species near the Mekong Delta.
Fisheries management: the relative yield-per-recruit analysis
The relative yield-per-recruit analysis performed incorporating the probabilities of capture and fishing gear selectivity curves revealed that with the fishing gear currently in use, the maximum sustainable yield would be reached for an exploitation rate of 0.6 please check for each population. This value is often higher than the current estimated exploitation rate. The isopleths presented in Fig. 6 show an optimum fishing activity, both in terms of fishing effort, and size of first capture for each population. 
DISCUSSION
Uncertainty does exist when using Fisat for growth performance estimates. It comes from the fact that several combinations of values of L oo and K might give the same value of Rn, keeping in mind that Loo and K are negatively correlated (Moreau et al., 1986; Pauly and Morgan, 1987) . A routine of FiSAT called the response surface analysis enables the user to identify such combinations. This routine has been used to assess this uncertainty. Any estimation of the total mortality is associated with uncertainty which is displayed by the software. In the present study, the estimate of Z was always inside a narrow range of less than 10 %. Finally, uncertainties in the growth parameters influence the value of the natural mortality, M.
From the breeding activity pattern analysis, the breeding activity season (March -September)
coincides with the spawning periodicity of the species, and indeed, the peak breeding activity in XXX, coincides also with the period of highest reproductive activity when juveniles with mature gonads enter into the fishery. Mekong River is one of the largest rivers in the Southeast Asia; great volumes of sediment are carried towards the coastal areas of the Mekong Delta during the rainy season; for that reason, the estuarine ecosystem provides a habitat for spawning of a variety of aquatic species, especially for shrimp and fish (Dinh et al., 2003; Dinh et al., 2007) . Referring to the growth curve ( Figure 2 ) and to the logistic selection curve (Figure 6 ), it can be seen that shrimps are usually entering the fishery when they are bout one year old e.g. during the spawning season which immediately follow their one spawning.
In dealing with mortality rates, it is usually important to take into consideration the growth pattern as obtained from growth parameter after correcting for gear selection since more of the larger species are removed by fishing and less of the smaller ones appear in the catches.
Downward bias in the estimate could be introduced through sampling individuals that are not fully recruited in the fishery, but there is also a danger of upward bias by not sampling the lower length classes when they are already fully recruited (Dadzie et al. 2005 ).
The current observed exploitation rate, estimated from the mortality rates, is the least compared with similar values for the same species outside the area considered here any info?
The impact of population parameters on the biomass and yield is best reflected in the current exploitation rate of P. niger which is below both the MSY indices indicates that the species is moderately exploited in Kuwaiti waters. Hence, there might be room to increase fishing effort and catch, as well as increase minimum landing size. To achieve the MSY target while keeping in mind the uncertainties associated with estimated growth rate, natural mortality and fishing mortality estimates, this study recommends that such shrimp species would be two years old as shown on figure 3 instead of one year in the current situation. This would eventually mean that the mesh size of the fishing gear would have to change and correspond to the fishing grounds; and fishing efforts in the shrimp fishery should be managed as well.
However, the research areas have managed under traditional ownership by an adjacent community group and the shrimp stocks are regarded as a common resource. Therefore, increase in mesh size of the fishing gears and reduction in fishing effort may be difficult to implement, and can probably only be considered if management of the fishery is devolved to the local communities. Furthermore, the difficulties involved in managing shrimp resource are also related to the number and types of user groups. Hence, the community-based comanagement approach should be applied to the fishery for sustainable development of the habitats and shrimp stock; because this approach focuses not only on resource management, but also on community and economic development.
